Appropriate intrauterine growth, assessed indirectly through birthweight, is the key to survival of newborns in their first days of life and to health adequacy over the course of their life. Intrauterine growth restriction (IUGR) may lead to high neonatal morbidity and mortality. IUGR may also affect neurological and psychomotor development and the nutrition of the child, adolescent, and future mother (1-3). It is important to differentiate infants with actual IUGR (constitutionally small newborns) from those born outside of the ideal gestational age and weight. Low birthweight (LBW) is defined as the newborn weighing less than 2 500 g at birth ([@B1], [@B4]). Small for gestational age (SGA) is defined by the birthweight of the newborn being below the 10^th^ percentile on standard curves. Preterm birth (PTB) is the term for birth before 37 weeks of gestation having been reached ([@B5]). LBW, SGA, or preterm newborns are also at high risk of perinatal death ([@B6], [@B7]), and they represent an important public health issue in high-income countries as well as in middle- and low-income nations (4, 6, 7).

Standardized intrauterine growth curves according to the gestational age and sex can determine whether LBW has symmetrical or asymmetrical growth, which helps identify the etiopathogenesis of LBW ([@B4]). LBW may derive from: (i) symmetrical IUGR, which compromises all growth, including changes in head circumference growth, and has early onset with low ponderal index and usually intrinsic fetal etiology, or (ii) asymmetrical IUGR, with greater head circumference in relation to height and weight, late onset (usually in the third trimester of pregnancy), and low ponderal index, which is caused, in the vast majority of cases, by uterine placental insufficiency ([@B8]).

Newborns with asymmetrical IUGR are known as SGA. They are at risk of persistent hypoglycemia and may suffer worrisome short- and long-term neurological consequences ([@B8]). Symmetrical cases represent only 20% of the cases, while asymmetrical ones correspond to the other 80% ([@B1]).

It is often hard to differentiate among the causes of LBW because of the interaction of the two most common etiologies, i.e., PTB and IUGR. This differentiation is very important, given that an association between these two conditions poses a much higher risk of morbidity or mortality than do these risks separately (4, 7-9). In addition, LBW and SGA newborns have 10- to 20-fold higher mortality than do those with normal weight ([@B7], [@B9]).

Several studies have suggested that socioeconomic and demographic factors are strongly associated with LBW, SGA, and PTB among newborns. The main determinant socioeconomic factors (SEFs) for PTB and/or IUGR are extremes of maternal age (10-12), few years of schooling (13-15), low socioeconomic position (16-18), black ethnicity (19-23), and either not being married or living with a partner ([@B24], [@B25]). These factors cannot be isolated regarding the etiopathogenesis of those outcomes because they are interconnected in several ways. One example is with Afro-American adolescent mothers, who may have such other factors as being single, having less schooling ([@B15], [@B18]), and belonging to low-income families (10, 13, 26), which may contribute to their newborns having higher odds of LBW, SGA, or PTB.

SEFs relating to social position and, above all, family income and schooling have been shown to be important risk factors and to have an inverse linear relation with the prevalence of LBW, SGA, and PTB (16-18, 26). There is a predominance of premature and LBW newborns among black women, in both developing and developed nations ([@B5]).

This systematic review was intended to identify if income, schooling, or ethnicity have any associations with LBW, SGA, or PTB.

METHODS
=======

The study is a systematic review and was submitted to PROSPERO, which is an international register of prospective systematic reviews; it was approved under registration number CRD42016038919. The study followed the recommendations of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), in all steps of the PRISMA-P 2015 checklist ([@B27]).

The search was conducted in two online databases, PubMed and Literature in the Health Sciences in Latin America and the Caribbean (LILACS). The search covered the period between 1 January 1982 and 5 May 2016. The search strategy to identify studies included use, respectively, of Medical Subject Headings (MeSH) and Health Sciences Descriptors (DeCS) terms. The descriptors used as MeSH and DeCS terms were: ("infant, premature" OR "infant, small for gestational age" OR "fetal growth retardation") AND ("maternal age" OR "socioeconomic factors" OR "ethnic groups"). The choice of these MeSH and DeCS terms involved other synonyms, including "fetal growth retardation" or "intrauterine growth retardation," which were important outcomes for following our objectives.

The first step was to identify all the references and then screen them for possible complete reading by searching for titles and/or abstracts containing the descriptors and/or the keywords "marital status," "poverty," or "education" (because of their close relationship with SEFs). The exclusion criteria were: (i) references relating to methods for measuring and/or identifying PTB, LBW, and SGA; (ii) outcomes relating to drug use, smoking alone, and such environmental factors as radiation, exposure to heavy metals, in vitro fertilization, multiple births, diets, supplements, and immigration; and (iii) risk factors relating to congenital malformations, genetic syndromes, or genetic factors that might lead to situations of congenital infections, maternal diseases, placental diseases, recurring miscarriages, stillbirths, or PTB. The inclusion criteria were that papers: (i) be published in Portuguese, English, or Spanish; (ii) be original or review papers; (iii) be the first paper published when belonging to the same study; (iv) describe more than one outcome relating to the socioeconomic/demographic risk factors chosen; and (v) show a Downs and Black (D&B) score ≥ 12 ([@B28]) (which is described below).

A protocol was defined for data extraction. The protocol included year of publication, country of the study, study design, sample size, study objectives, inclusion and exclusion criteria, control for confounding factors, and main results. Two researchers independently performed the selection process with the references and did the data extraction. The two researchers discussed any disagreements, and reached a final decision by consensus.

All selection stages were performed using EndNote software (<http://www.endnote.com/>). After the database search, duplicate papers were excluded. The inclusion and exclusion criteria were then applied, and references were selected for full reading. These were reviewed separately by two researchers using modified D&B criteria (1998) ([@B27]). The D&B questions relating to experimental studies were excluded, so the maximum score possible was 18 out of the 27 items of the original D&B scale.

The D&B checklist was developed and validated for methodological quality assessment of randomized and observational studies, for the domains of reporting, external validity, internal validity, confounding/selection bias, and power. Each question scored 1 when the answer was yes and 0 for no. Only one question, regarding the description of potential confounding factors, was scored differently: 2 for yes, 1 for partially, and 0 for no.

The articles were classified as presenting a high chance of bias (0 to 5 points), average chance of bias (6 to 11 points), or a low chance of bias (12 to 18 points). Then, the articles with a low chance of bias were separated out to improve methodological quality, which was assessed in terms of the study design (goals, risks, outcome definition, outcome measurement, control for possible confounding factors, etc.), adequacy of the statistical analysis, and discussion of the study\'s limitations. Two independent reviewers scored the articles, and a third reviewer settled any disagreements.

RESULTS
=======

[Figure 1](#f1){ref-type="fig"} shows the selection steps of this review.

![Flowchart of the selection steps for the systematic review of the associations that income, education, and ethnicity may have with birthweight and prematurity\
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This systematic review was carried out in an open manner in order to detect multiple studies that used income, maternal or family education, and ethnicity as the main socioeconomic and demographic determining factors in relation to at least two of the three main poor neonatal outcomes involving birthweight and PTB.

A total of 3 070 references meeting the initial inclusion criteria were analyzed by reading the title and abstract. Then, 157 studies were selected and read by a pair of reviewers using the D&B methodological criteria. From these readings, 18 studies in which the specific goal was to investigate neonatal outcomes relating to family or individual income, education, or ethnicity and that presented a low chance of bias (D&B score ≥ 12) were selected ([Figure 1](#f1){ref-type="fig"}).

No specific review based on the main objectives was chosen for the present study. Six systematic review articles were found and excluded: three on maternal age (10, 29, 30), one on disparities in PTB rate ([@B31]), one on inequalities in neonatal outcomes ([@B32]), and one on small fetus ([@B33]). This left a total of 18 articles selected for this review ([Figure 1](#f1){ref-type="fig"}).

Of the 18 studies, 10 of them involved high-income countries, while 8 were in low-income countries and/or middle-income countries. One study ([@B16]) only scored 12 points, while all the others scored 14 or more points. Most of the studies used samples from birth cohorts or national vital statistics reports, and had appropriate power to detect clinical effects. Four studies aimed to analyze LBW, SGA, and PTB at the same time (15, 16, 20, 26).

Information from these 18 studies can be seen in [Table 1](#t1){ref-type="table"}. All of these studies reported prematurity as the main outcome; 12 of them also investigated SGA (13, 15-20, 23, 26, 34-36); 11 of them also explored LBW (12, 15, 16, 20-22, 25, 26, 35, 37, 38) ([Table 1](#t1){ref-type="table"}).

###### Summary of the studies correlating family income, education, and ethnicity with low birthweight (LBW), small for gestational age (SGA), and/or preterm birth (PTB), including with score in the Downs and Black (D&B) evaluation and the association (assoc.) with the outcome studied

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Determinant(s)/Study[a](#TFN1){ref-type="table-fn"}   Study design                                     Population characteristics                                Socioeconomic factor(s) studied                                                                         D&B score                           Assoc. with LBW   Assoc. with SGA                             Assoc. with PTB   
  ----------------------------------------------------- ------------------------------------------------ --------------------------------------------------------- ------------------------------------------------------------------------------------------------------- ----------------------------------- ----------------- ------------------------------------------- ----------------- -------------------------------------------
  Income                                                                                                                                                                                                                                                                                                                                                                                       

                                                        Barros et al. ([@B16]), 2008, Brazil             Birth cohort                                              5 914 children (1982), 5 249 (1993), and 4 231 (2004)                                                   Income                              12                Assoc.                                      Assoc.            Assoc.

                                                        Joseph et al ([@B17]), 2007, Canada              Birth cohort                                              76 440 births from 1988 to 1995                                                                         Income                              16                \-[b](#TFN2){ref-type="table-fn"}           Assoc.            No assoc.[c](#TFN3){ref-type="table-fn"}

  Education                                                                                                                                                                                                                                                                                                                                                                                    

                                                        Park et al. ([@B15]), 2013, Korea                Birth cohort                                              7 766 065 births from 1995 to 2008                                                                      Paternal and maternal education     17                Assoc.                                      Assoc.            Assoc.

                                                        Yunis et al. ([@B37]), 2003, Lebanon             Birth cohort                                              3 372 newborns from five National Collaborative Perinatal Neonatal Network centers from 2000 to 2002.   Education                           14                No assoc.                                   \-                No assoc.[c](#TFN3){ref-type="table-fn"}

                                                        Letamo & Majelantle ([@B25]), 2001, Botswana     Vital statistics                                          7 265 obstetric records from the Botswana Obstetric Record from 1990 to 1995                            Education                           15                No assoc.[c](#TFN3){ref-type="table-fn"}    \-                No assoc.

  Ethnicity                                                                                                                                                                                                                                                                                                                                                                                    

                                                        Khalil et al. ([@B19]), 2013, England            Retrospective chart review                                76 158 obstetric records included in the study                                                          Ethnicity                           15                \-                                          Assoc.            Assoc.

                                                        Nyarko et al. ([@B21]), 2013, Brazil             National survey (ECLAMC)[d](#TFN4){ref-type="table-fn"}   8 949 singleton live births from 1995 to 2009                                                           Ethnicity                           14                No assoc.                                   \-                No assoc.

                                                        Nabukera et al. ([@B20]), 2009, United States    Birth cohort                                              239 930 singleton sibling pairs (whites/African-Americans in 1978 to 1997)                              Ethnicity                           16                Assoc.                                      Assoc.            Assoc.

                                                        Paul et al. ([@B22]), 2008, United States.       Retrospective case-control                                44 105 black newborns, ≥ 35 w of gestational age and 88 210 white mother/baby pairs from 1998 to 2002   Ethnicity                           16                Assoc.                                      \-                Assoc.

                                                        Ehrenthal et al. ([@B38]), 2007, United States   Birth cohort                                              18 624 consecutive births                                                                               Ethnicity                           15                Assoc.                                      \-                Assoc.

                                                        Simon et al. ([@B23]), 2006, United States       Vital statistics                                          Vital records of African-American (61 849) and white (203 698) infants born from 1989 to 1991           Ethnicity                           17                \-                                          Assoc.            Assoc.

                                                        DuPlessis et al. ([@B12]), 1997, United States   Vital statistics                                          54 447 birth from 1980 to 1987                                                                          Ethnicity                           15                Assoc.                                      \-                Assoc.

  More than one determinant                                                                                                                                                                                                                                                                                                                                                                    

                                                        Mortensen ([@B13]), 2013, Denmark                Birth cohort                                              471 215 observations of children born between 1996 and 2007                                             Income Education                    14                \-\                                         No assoc.\        No assoc.\
                                                                                                                                                                                                                                                                                                                                 -                                           Assoc.            Assoc.

                                                        Sebayang et al. ([@B26]), 2012, Indonesia        Birth cohort                                              14 040 LBW births and 13 498 PTBs from 2001 to 2004                                                     Income Education                    14                Assoc.\                                     Assoc.\           No assoc.[c](#TFN3){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                                                                                 No assoc.                                   No assoc.         Assoc.

                                                        Magadi et al. ([@B34]), 2001, Kenya              Vital statistics and national survey                      5 295 births                                                                                            Socioeconomic position\             15                \-\                                         No assoc.\        No assoc.\
                                                                                                                                                                                                                                                                           Education                                             -                                           No assoc.         No assoc.

                                                        Savitz et al. ([@B18]), 2004, United States      Birth cohort                                              2 052 neonates of African-American and white mothers from 1996 to 2000                                  Ethnicity, poverty, and education   14                \-                                          Assoc.            Assoc.

                                                        Tuntiseranee et al. ([@B35]), 1999, Thailand     Birth cohort                                              1 797 births from 1994 to 1995                                                                          Income or socioeconomic position\   14                No assoc.[c](#TFN3){ref-type="table-fn"}\   No assoc.\        No assoc.\
                                                                                                                                                                                                                                                                           Education                                             No assoc.[c](#TFN3){ref-type="table-fn"}    No assoc.         No assoc.

                                                        Arbuckle et al. ([@B36]), 1989, Canada           Population-based study                                    806 singleton births from 1970 to 1973                                                                  Income\                             15                \-\                                         No assoc.\        No assoc.[c](#TFN3){ref-type="table-fn"}\
                                                                                                                                                                                                                                                                           Education                                             -                                           No assoc.         No assoc.[c](#TFN3){ref-type="table-fn"}
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Source:

Table prepared by authors from their study results.

The information for each study includes its lead author or its two authors, the References number, the year of publication, and the country investigated.

\- = not shown by the study\'s authors.

after adjustment.

ECLAMC = Latin American Collaborative Study of Congenital Malformations.

A total of 11 studies showed an association between PTB and at least one of the indicators studied; 9 studies did so for SGA and one or more indicators; and 7 studies did so for LBW and one or more indicators. Six studies (13, 18, 26, 34-36) analyzed more than one determinant. LBW was associated with low income, poverty, wealth indices, or socioeconomic level in 2 studies ([@B16], [@B26]); with education in 1 study ([@B15]); and with black ethnicity in 4 studies (12, 20, 22, 38). SGA was associated with being poor in 4 studies (16-18, 26); with education in 3 studies (13, 15, 18); and with black skin color in 4 studies (18-20, 23). Regarding PTB, 2 studies ([@B16], [@B18]) found an association with low income; 4 studies (13, 15, 18, 26) with schooling; and 7 studies with black skin color (12, 18-20, 22, 23, 38) ([Table 1](#t1){ref-type="table"}).

Some studies did not provide sufficient information to identify the effect measurements and confidence intervals (CIs) or their confounding factors in the final adjusted analysis. Effect measurements, such as the odds ratio (OR), relative risk (RR), and hazard ratio (HR) regarding final determinations of the influence of income, education, and/or ethnicity on the outcomes studied, are summarized in [Table 2](#t2){ref-type="table"}, and with complete data given in the supplementary material.

###### Summary data comparison of studies on low birthweight (LBW), small for gestational age (SGA), and preterm births (PTBs), with association measurements with the odds ratio (OR), adjusted odds ratio (AOR), relative risk (RR), hazard ratio (HR), and adjusted hazard ratio (AHR) and their respective confidence intervals (CIs) relating to family income, education, and/or ethnicity

  Determinant(s)/Study[a](#TFN5){ref-type="table-fn"}   LBW OR (95% CI)                                  LBW AOR (95% CI)         SGA OR (95% CI)                         SGA AOR (95% CI)                                   PTB OR (95% CI)                                   PTB AOR (95% CI)                                                                                                                     
  ----------------------------------------------------- ------------------------------------------------ ------------------------ --------------------------------------- -------------------------------------------------- ------------------------------------------------- ------------------------------------------------- ---------------------------------------------------------------------------------- --------------------------------------------------
  Income                                                                                                                                                                                                                                                                                                                                                                                                            
                                                        Joseph et al. ([@B17]), 2007, Canada                                                                                                                                                                                                                                                                                                                        
                                                                                                         Family income                                                                                                                                                                                                                                                                                              
                                                                                                                                  The richest                             \-[b](#TFN6){ref-type="table-fn"}                  \-                                                1.00                                              1.00                                                                               1.00
                                                                                                                                  The poorest                                                                                                                                  1.81 (1.66-1.97)[c](#TFN7){ref-type="table-fn"}   1.34 (1.18-1.74)[c](#TFN7){ref-type="table-fn"}                                    1.20 (1.06-1.35)[c](#TFN7){ref-type="table-fn"}
  Education                                                                                                                                                                                                                                                                                                                                                                                                         
                                                        Park et al. ([@B15]), 2013, Korea                                                                                                                                                                                                                                                                                                                           
                                                                                                         Paternal education                                                                                                                                                                                                                                                                                         
                                                                                                                                  ≥ University                            \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  ≤ Middle school                                                                            1.56 (1.54-1.59)                                                                                    1.68 (1.64-1.71)                                                                   
                                                                                                         Maternal education                                                                                                                                                                                                                                                                                         
                                                                                                                                  ≥ University                            \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  ≤ Middle school                                                                            1.62 (1.59-1.65)                                                                                    1.70 (1.66-1.74)                                                                   
                                                        Yunis et al. ([@B37]), 2003, Lebanon                                                                                                                                                                                                                                                                                                                        
                                                                                                         Mother\'s education                                                                                                                                                                                                                                                                                        
                                                                                                                                  University (postgraduate)               \-                                                 \-                                                \-                                                \-                                                                                 \-
                                                                                                                                  University (undergraduate)                                                                                                                                                                                                                                                        
                                                                                                                                  No formal education                                                                                                                                                                                                                                                               
                                                        Letamo & Majelantle ([@B25]), 2001, Botswana                                                                                                                                                                                                                                                                                                                
                                                                                                         Education                                                                                                                                                                                                                                                                                                  
                                                                                                                                  Secondary +                             1.00                                               1.00                                              \-                                                \-                                                                                 1.00
                                                                                                                                  No education                            1.4184                                             1.4149                                                                                                                                                                                 0.8204
  Ethnicity                                                                                                                                                                                                                                                                                                                                                                                                         
                                                        Khalil et al. ([@B19]), 2013, England                                                                                                                                                                                                                                                                                                                       
                                                                                                         Maternal racial origin                                                                                                                                                                                                                                                                                     
                                                                                                                                  Caucasian                               \-                                                 \-                                                \-                                                1.00                                                                               \-
                                                                                                                                  Afro-Caribbean                                                                                                                                                                                 2.35 (2.16-2.57)[c](#TFN7){ref-type="table-fn"}, [d](#TFN8){ref-type="table-fn"}   
                                                        Nyarko et al. ([@B21]), 2013, Brazil                                                                                                                                                                                                                                                                                                                        
                                                                                                         Ethnic ancestry                                                                                                                                                                                                                                                                                            
                                                                                                                                  European (Eur.) only                    1.00                                               1.00                                              \-                                                \-                                                                                 1.00
                                                                                                                                  African (Afr.) only                     1.56 (1.20, 2.03)[c](#TFN7){ref-type="table-fn"}   1.28 (0.99, 1.65)                                 \-                                                \-                                                                                 1.30 (1.05, 1.61)^g^
                                                                                                                                  Afr.-non-Eur. mixed                     1.66 (1.39, 2.00)[c](#TFN7){ref-type="table-fn"}   1.10 (0.76, 1.42)                                                                                                                                                                      1.39 (1.16, 1.65)[c](#TFN7){ref-type="table-fn"}
                                                                                                                                  Afr.-Eur. mixed                         1.58 (1.27, 1.97)[c](#TFN7){ref-type="table-fn"}   1.02 (0.75, 1.22)                                                                                                                                                                      1.28 (1.11, 1.48)[c](#TFN7){ref-type="table-fn"}
                                                        Nabukera et al. ([@B20]), 2009, United States                                                                                                                                                                                                                                                                                                               
                                                                                                         Ethnic origin                                                                                                                                                                                                                                                                                              
                                                                                                                                  White American                          \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  African-American                                                                           2.35 (2.20--2.51)                                                                                   1.95 (1.84--2.07)                                                                  
                                                        Paul et al. ([@B22]), 2008, United States                                                                                                                                                                                                                                                                                                                   
                                                                                                         Ethnic origin                                                                                                                                                                                                                                                                                              
                                                                                                                                  Non-Hispanic whites                     1.00                                               \-                                                \-                                                \-                                                                                 1.00
                                                                                                                                  Non-Hispanic blacks                     2.09 (1.96-2.23)                                                                                                                                                                                                                          1.80 (1.71-1.90)
                                                        Ehrenthal et al. ([@B38]), 2007, United States                                                                                                                                                                                                                                                                                                              
                                                                                                         Ethnic origin                                                                                                                                                                                                                                                                                              
                                                                                                                                  White American                          1.00                                               1.00                                              \-                                                \-                                                                                 1.00
                                                                                                                                  Black American                          2.2 (2.0-2.5)                                      1.9 (1.6-2.1)                                                                                                                                                                          1.6 (1.4-1.8)
                                                        Simon et al. ([@B23]), 2006, United States                                                                                                                                                                                                                                                                                                                  
                                                                                                         Ethnic origin                                                                                                                                                                                                                                                                                              
                                                                                                                                  White American                          \-                                                 \-                                                1.00                                              1.00                                                                               1.00
                                                                                                                                  Black American                                                                                                                               2.4 (2.4-2.5)                                     2.2 (2.1-2.4)                                                                      2.1 (2.1-2.2)
  More than one determinant                                                                                                                                                                                                                                                                                                                                                                                         
                                                        Mortensen ([@B13]), 2013, Denmark                                                                                                                                                                                                                                                                                                                           
                                                                                                                                  Mother\'s education                                                                                                                                                                            AHR                                                                                
                                                                                                                                  Primary and lower secondary education   \-                                                 \-                                                \-                                                1.00                                                                               \-
                                                                                                                                  High school, skilled laborer                                                                                                                                                                   0.66 (0.64-0.68)                                                                   
                                                                                                                                  College and university                                                                                                                                                                         0.54 (0.52-0.56)                                                                   
                                                                                                                                  Doctorate/PhD                                                                                                                                                                                  0.49 (0.38-0.63)                                                                   
                                                                                                                                  Father\'s education                                                                                                                                                                            AHR                                                                                
                                                                                                                                  Primary and lower secondary education   \-                                                 \-                                                \-                                                1.00                                                                               \-
                                                                                                                                  High school, skilled laborer                                                                                                                                                                   0.80 (0.78-0.83)                                                                   
                                                                                                                                  College and university                                                                                                                                                                         0.68 (0.65-0.70)                                                                   
                                                                                                                                  Doctorate/PhD                                                                                                                                                                                  0.70 (0.60-0.81)                                                                   
                                                        Sebayang et al. ([@B26]), 2012, Indonesia                                                                                                                                                                                                                                                                                                                   
                                                                                                         Wealth index                                                                                                                                                                                                                                                                                               
                                                                                                                                  Very rich                               1.00                                               1.00                                              1.00                                              1.00.                                                                              \-
                                                                                                                                  Very poor                               1.57 (1.30-1.89)[c](#TFN7){ref-type="table-fn"}    1.44 (1.16-1.79)[c](#TFN7){ref-type="table-fn"}   1.45 (1.23-1.71)[c](#TFN7){ref-type="table-fn"}   1.43 (1.17-1.74)[c](#TFN7){ref-type="table-fn"}                                    
                                                        Education                                                                                                                                                                                                                                                                                                                                                   
                                                                                                         Woman\'s education                                                                                                                                                                                                                                                                                         
                                                                                                                                  ≥ 10 years                              \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  No primary education                                                                       0.87 (0.70-1.08)                                                                                    0.88 (0.73-1.07)                                                                   
  Tuntiseranee et al. ([@B35]), 1999, Thailand                                                                                                                                                                                                                                                                                                                                                                      
                                                        Family income                                                                                                                                                                                                                                                                                                                                               
                                                                                                                                  The richest                             \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  The poorest                                                                                1.2 (0.7-2.2)                                                                                       1.4 (0.5-4.0)                                                                      
                                                        Maternal education (years)                                                                                                                                                                                                                                                                                                                                  
                                                                                                                                  16+                                     \-                                                 1.00                                              \-                                                1.00                                                                               \-
                                                                                                                                  \< 9                                                                                       0.8 (0.3, 1.8)                                                                                      0.6 (0.2, 2.0)                                                                     
  Arbuckle et al. ([@B36]), 1989, Canada                                                                                                                                                                                                                                                                                                                                                                            
                                                        Income                                                                                                                                                                                                                                                                                                                                                      
                                                                                                                                  Lowest                                  \-                                                 \-                                                1.00                                              \-                                                                                 1.00
                                                                                                                                  Other                                                                                                                                        0.80 (0.30-2.11)                                                                                                                     0.37 (0.18-0.76)
                                                        Education (years)                                                                                                                                                                                                                                                                                                                                           
                                                                                                                                  \> 13                                   \-                                                 \-                                                1.00                                              \-                                                                                 1.00
                                                                                                                                  \< 12                                                                                                                                        1.17 (0.64-2.11)                                                                                                                     2.21 (1.12-4.37)

Source:

Table prepared by authors from their study results, for published data.

The information for each study includes its lead author or its two authors, the References number, the year of publication, and the country researched.

\- = not shown by the study\'s authors.

*p* \< 0.01.

SGA (birthweight \< 5^th^ percentile).

Spontaneous delivery.

Iatrogenic delivery.

*p* \< 0.05.

Income or related factors as determinants
-----------------------------------------

An association between prematurity and income was observed in two studies: one from Brazil ([@B16]) and one from the United States of America ([@B18]). The vast majority of the studies did not find any such association ([Table 1](#t1){ref-type="table"} and [Table 2](#t2){ref-type="table"}).

There was a lower chance that LBW would occur in situations of higher wealth or family income, especially in low-income countries ([@B16], [@B26]). In Indonesia, newborns showed adjusted odds ratios for LBW that were 32% and 44% higher if they were from, respectively, poor or very poor families than if they were from wealthy families ([@B26]) (supplementary material). In Brazil, a study using income quintiles in the 1980s and 1990s showed a downward trend for LBW that was proportional to the increase in income, with risks of LBW in lower quintiles that were 2.8 and 2.4 times higher than in higher quintiles ([@B16]). Another study, in Thailand, showed a significant association between higher income and higher birthweight, which was not maintained after adjusted analysis ([@B35]) ([Table 1](#t1){ref-type="table"}).

A higher risk of SGA infants in underprivileged populations was found in Brazil ([@B16]), Canada ([@B17]), and Indonesia ([@B26]) ([Table 2](#t2){ref-type="table"}). Also in Canada ([@B17]), there was a significant association between the occurrence of SGA and the lowest income quintile, which remained after the statistical analysis had been adjusted for other demographic and socioeconomic factors ([Table 2](#t2){ref-type="table"}).

Maternal or family education as determinants
--------------------------------------------

Only one study reported an association of maternal and paternal education with the three outcomes ([@B15]), while one study associated these factors with SGA and PTB ([@B13]). In situations of low paternal education and low maternal education, respectively, Park et al. ([@B15]) found adjusted odds ratios (AORs) for LBW that were 56% and 62% higher, for SGA that were 68% and 70% higher, and for PTB that were 28% and 32% higher. In Indonesia, Sebayang et al. ([@B26]) found that women with 10 or more years of education were less likely to have a premature baby (OR = 0.64; 95% CI: 0.54-0.77, *p* \< 0.0001) than were those without basic education ([Table 2](#t2){ref-type="table"}).

Mortensen et al. ([@B13]) found that the adjusted hazard ratio decreased as maternal or paternal education increased, for both SGA and PTB. However, other studies did not show any association between low education and one or more of the outcomes studied: for LBW ([@B26], [@B35]), SGA (26, 34-36), or PTB (25, 34-36) ([Table 2](#t2){ref-type="table"}).

Ethnicity as a determinant
--------------------------

One study demonstrated an association of maternal ethnicity with the three outcomes ([@B20]). Three studies associated this determinant with LBW and PTB (12, 22, 38). Another three studies demonstrated an association of maternal ethnicity with SGA and PTB (18, 19, 23). In just one study, black skin color was not associated with LBW or PTB ([@B21]). These studies were conducted in high-income countries, except for the one carried out in Brazil ([@B21]).

Ehrenthal et al. ([@B38]) showed that there was a higher prevalence of LBW and extreme prematurity among mothers with black ethnicity. This risk was almost three times higher than the risk presented by white mothers. This was similar to the findings of Paul et al. ([@B22]) and DuPlessis et al. ([@B12]), who found that the risk that newborns would present LBW and PTB was about twice as high among black mothers.

The strongest association was between black ethnicity and prematurity, followed by SGA and LBW. However, most studies did not find any association of socioeconomic or educational determinants with the outcomes of interest.

DISCUSSION
==========

Among the 18 studies selected, income was investigated in similar numbers of studies in high-income versus low- and middle-income countries. However, education levels and black ethnicity differed from this pattern, in that education was investigated more in low-/middle-income countries, while black ethnicity was investigated more in high-income countries. Our review on the association between socioeconomic and demographic determinants and unfavorable neonatal outcomes showed that income and education were not the most important contributory factors towards LBW or SGA or PTB. However, black ethnicity was highly associated with all three outcomes, and the largest association was between PTB and black ethnicity, especially in high-income countries.

There are many studies in the literature with interesting proposals for socioeconomic and demographic risk factors for LBW, SGA, or PTB among newborns. A higher number of studies have focused on such ethnic factors as black skin color (19-23), and a smaller number have concentrated on specific SEFs, such as income (16, 18, 26, 35) and education (13, 15, 18).

Women of black ethnicity account for the highest percentage of underweight births (9.4%) ([@B4]) and also for higher neonatal mortality rates ([@B3]). The association of black skin color with LBW has been clearly demonstrated in developed countries (12, 20, 22, 38), along with the greater likelihood of prematurity (12, 18-20, 22, 23, 38) and SGA births (18-20, 23), regardless of whether these women live in high- or low-income countries. In a study on racial disparities in the United States, the correlation between black skin color and birth with IUGR was not a result of the mothers' ethnicity, but was the sum of other socioeconomic-demographic factors involved in the social context within which the individual lived ([@B39]).

In a study done in seven states of Brazil, Nyarko et al. ([@B21]) found a higher prevalence of LBW and prematurity among families of black skin color in a population of 8 949 single births, when using multivariate analysis to consider demographic, socioeconomic, health care, and geographical effects. However, after adjustment for other SEFs, there was a reduction of the association of this skin-color determinant with LBW. This demonstrates the need for joint assessment of the effects of maternal education, maternal health, and geographical location, because of the differing physical and socioeconomic environments in Brazil ([@B21]).

Another determinant of individuals' socioeconomic position is income, which is one of the most important SEFs relating to social exclusion and, consequently, health inequalities ([@B32]). It may be a factor that can produce changes in health from fetus to adolescence and adult life, which may lead to women having nutritional or metabolic disorders that may affect the outcome of any future pregnancies. This could then result in neonatal and childhood morbidities with a significant later impact on individual human capital ([@B7], [@B9]).

The lowest income group, independent of the country\'s currency, has been one of the major SEFs involved in LBW. However, there are a number of factors that overlap in this context, such as poverty associated with inadequate maternal health or nutrition since childhood and/or adolescence. The maintenance of these socioeconomic factors in pregnancy generates injuries in fetal growth, with repercussions on the final birthweight. Nevertheless, after controlling for the effect of other factors, it has been seen that there is an increased risk of LBW and SGA among low-income families, with higher morbidity/mortality during childhood and even recurrence of LBW in future pregnancies ([@B2], [@B17]).

Savitz et al. ([@B18]) found that poverty was associated with a higher risk of premature birth among African-American mothers with ≥ 12 years of schooling (RR 1.6; 95% CI: 1.1-2.2), as well as a higher risk of SGA (RR 1.7; 95% CI: 1.1-2.7) among white mothers. However, white mothers with low education and income below the poverty line also presented a higher risk of PTB (RR 1.7; 95% CI: 1.1-2.7). Those researchers also encouraged discussion of the importance of a careful assessment of socioeconomic indicators among ethnic subgroups, given the joint effect of these factors.

Low parental education had a great effect on the three outcomes in a Korean study, and with significant interactions with parental employment. The work situation of parents with higher education levels had minimal effects on LBW, SGA, or PTB. However, parents with lower education levels or who were unemployed or performed manual labor were the group that was most vulnerable to an adverse birth, thus again confirming the interaction of these factors ([@B15]).

Few studies in this review showed any association of income or education with PTB, regardless of where the investigations were conducted. In recent decades, as the number of PTBs has tended to increase, newborn survival and quality-of-life indices in low-income countries have significantly differed from the patterns in high-income countries ([@B5], [@B6]).

Regarding ethnicity, large numbers of studies have shown that maternal black skin color is a risk factor for PTB and LBW (12, 20, 22, 38); a few studies have found that is also true for SGA (18-20, 23). Low socioeconomic status of black women could lead to difficult access to health care ([@B5], [@B39]). Given that, with pregnant black women, the early identification of widely known risk factors ([@B5], [@B39]) and active search for these cases for close follow-up is advisable.

Various factors might help reduce high PTB rates. These include access to an appropriate number of perinatal consultations, the attitude of health care professionals and institutions involved in antenatal care, early diagnosis of gestational age, diagnosis of specific pregnancy diseases, and precise indication for surgical procedures (7, 40, 41).

A major positive point in this review was evaluating three important factors associated with inequality in prenatal care. Income and education were not associated with inadequate childbirth outcomes, except for black women, particularly with PTB. However, SEFs still remain risk factors for inequality in antenatal care services (16-18, 26, 40). Even in the reports that jointly investigated these factors, the vast majority of the studies found no association with inappropriate neonatal outcomes (26, 34-36). It is important to highlight the difficulty of evaluating the interaction of these demographic and socioeconomic features, as well as black ethnicity and other circumstances that could be involved in inequity in the support for pregnant women and for childbirth services.

The shortcomings in this review may relate to the statistical analyses in some of the studies included. Several studies assessed the effects of income, education, and ethnicity without exclusion of other socioeconomic and demographic factors that might have acted as confounding factors in the correlations between these determinants and the outcomes. In addition, the heterogeneity of the studies, especially the income studies, and the difficulty of subgroup analysis in the primary studies contributed to limitations in the review. This prevented us from proceeding with the initial intention to do a meta-analysis, given the difficulty in comparing the effect measurements informed by each study.

The more restrictive inclusion criteria that we used to reduce bias may have limited the utilization of studies conducted in low- and middle-income countries. This could explain why the results found in this review differed from what was observed in original source articles from Barros et al. ([@B16]) in Brazil, Park et al. ([@B15]) in Korea, and Sebayang et al. ([@B21]) in Indonesia, in which income or education was associated with inadequate delivery outcomes. Moreover, few studies used hierarchical analysis on the possible confounding factors. It would be difficult to conduct an analysis with greater accuracy in order to identify other confounding, mediation, or interaction factors that would contribute towards the final result regarding the birth outcomes studied. Nonetheless, the articles that we selected presented results in line with the literature.

Further studies should be conducted on these three outcomes for newborns. However, this research should apply different methodologies and include possible confounding factors, in order to detail the magnitude of the role of each socioeconomic and demographic factor. Such new research might lead to effective public policies for reducing inequalities relating to perinatal health and human capital.
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